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ABSTRACT 


A  method  has  been  devised  and  proven  to  measure  the  stable  isotope 
18  16 

ratio  0  /0  ,  for  oxygen,  by  neutron  activation  in  a  fast  neutron  reactor. 

The  measurement  is  made  non-destructively  on  a  few  gram*"  of  water  with  an 
accuracy  of  a  few  parts  in  ten  thourand  .  At  present,  measurement  to  this 
accuracy  requires  about  40  minutes  with  the  reactor  running  at  a  power  of 
250  kilowatts,  but  by  increasing  detector  sensitivity  the  method  promises  to 
become  a  routine  matter  accomplished  in  less  time. 


INTRODUCTION 


If  rapid,  non-destructive  ways  of  measuring  ratios  of  stable  isotopes 

were  available,  the  use  of  stable  isotopes  in  research  would  be  greatly 

aided.  We  have  shown  that,  for  the  stable  isotopes  of  oxygen,  the  ratio 
18  .  16 

0  /0  can  be  measured  nor, -destructively  in  small  amount,  of  water,  by 

neutron  activation.  The  activities  measured  are: 

(a)  016 (n ,p) N^6 ;  threshold  neutron  energy  =  10.25  MeV, 
ai6 (n,P)  =  40  mb,  t  (mean  life)  =10.3  sec 

Ey  =  6.14  MeV  (68%) 

(b)  0  (n,y)0^;  formed  by  thermal  neutron  capture, 

ai8^'n^  “  °'22  nib'  fcl8  *mean  life)  =  41.8  sec 
Eyl  =  1.37  MeV  (60%),  E^2  =  200  KeV  (100%) 


t  is  necessary  to  irradiate  the  water  in  a  neutron  reactor  which  has 
a  high  fractional  flux  of  fast  neutrons  (relative  to  that  available  in  the 
graphite-moderated  reactors)  in  order  that  the  10  second  activity  has  suffi¬ 
cient  intensity.  Its  gamma  ray  has  a  high  energy,  6.14  MeV,  and  so  is  relatively 
easy  to  measure,  because  the  background  activities  from  impurities  in  water  and 
from  the  Compton  radiation  are  small  at  this  energy.  The  42  second  activity  has 
two  gamma  rays,  namely  1.37  and  0.2  MeV.  That  at  1.37  MeV  would  be  the  more 
desireable  to  measure,  except  that  it  coincides  with  a  gamma  ray  from  neutron- 
activated  sodium  (which  is  an  abundant  impurity)  so  closely  that  it  can  not  be 
identified  separately.  Therefore  this  activity  was  measured  by  counting  the 
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lower  energy  gamma  radiation  at  200  KeV.  Here  the  Compton  background  is 

larae  and  is  the  factor  limiting  the  accuracy  of  each  determination. 

The  10  second  and  the  42  second  activities  are  measured  at  the  same  time  in  the 

same  detector,  being  separated  by  pulse  height  analysis,  and  recorded  separately. 

Water  samples  in  which  it  is  desired  to  measure  the  ratio  012/016  are  compared 

with  a  standard  water  sample,  and  the  ratio  relative  to  the  standard  is  ex- 

18 

pressed  as  a  deviation  6  in  parts  per  thousand  (%0),  according  to  the 
def I nition , 


fil8(  *•  >  =  <*lT12as/  “standard*  “  1  x 


(Eqn.  1) 


The  desired  accuracy  is  obtained  by  irradiating  and  counting  the  induced 
activities  of  the  water  sample  several  times  until  seme  hundred  million  c 
rays  have  been  counted. 


EXPERIMENTAL 


The  TRIGA  Mark  I  reactor  in  steady  state  operation  at  250  kilowatts  has 

a  thermal  neutron  flux  of  2.8-  1012/cm2sec,  and  a  fast  (fission  spectrum)  flux 
12  2 

of  3.5*  10  /cm  sec  at  the  irradiation  position.  Water  samples  of  approximately 
5  grams  each,  in  plastic  vials1  containing  no  intrinsic  oxygen,  were  shot  into 
the  reactor  in  the  fast  pneumatic  transfer  system  and  there  ii radiated  for  30 
seconds,  after  which  they  were  shot  out  into  a  reproducible  site  in  the  counting 
facility.  After  an  interval  of  10  seconds,  the  induced  10  second  and  42  second 
activities  were  counted  during  the  next  subsequent  interval  of  30  seconds. 


W 
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Reactor  power  is  maintained  at  a  preset  level  by  servo-regulated  control 
rod  drives.  The  insertion  of  5  grains  of  water  in  plastic  vials  into  the  outer¬ 
most  fuel  element  ring  (sample  irradiation  position)  is  equivalent  to  adding 
a  slight  amount  of  reactivity  to  the  core,  which  is  immediately  compensated 
for  by  automatic  control  rod  adjustment  without  overshoot.  The  reactor  power 
is  maintained  to  +0.13%  of  the  preset  level  at  a  confidence  level  of  95%.  The 
temperature  at  the  sample  position  ranges  from  20-25°C  during  the  year,  but 
is  held  constant  during  any  given  hour  of  reactor  operation  by  forced  circula¬ 
tion  of  pool  water. 

The  technology  and  use  of  the  reactor  in  similar  measurement  has  been 
described  in  Reference  2. 

The  count  in  the  200  KeV  channel  was  at  a  rate  of  0.2  Megacycles,  and 
this  is  too  fast  for  standard  pulse  height  selection  equipment.  To  handle  the 
fast  count  rate,  a  simple  pulse  height  analyser  was  built,  using  integrated 
circuitry,  according  to  the  block  diagram  shown  in  Figure  1.  The  system  is 
limited  to  a  maximum  count  rate  of  300  MC  by  the  scalers.  The  sensor  was  a 
1/2"  high  x  2"  diam  Na  I  crystal  glued  with  a  high  viscosity  fluorocarbon 
(Dow  Coming  20-057)  to  a  photo  multiplier,  RCA-6B10  h. 

The  counts  observed  in  5  gm  of  normal  water  (Colorado  River  water  from 

•  18  16 
the  public  water  system  of  La  Jolla,  California,  for  which  0  /0  =  0.2493 % 

as  measured  in  a  mass  spectrograph  ;,  in  a  counting  interval  of  30  seconds,  for 

the  200  KeV  radiation  (channel  2)  and  the  6.1  McV  radiation  (channel  4),  arc 

listed  in  Table  I.  Counting  ratios  measured  at  two  different  power  levels  of 

the  reactor,  namely  at  190  and  250  KeV,  are  strictly  comparable,  showing  that 

18 

counting  losses  were  negligible.  Varying  amounts  of  water  enriched  in  0  were 

1 8 

added  to  normal  water  to  prepare  a  series  of  samples  in  which  0  was  progres¬ 
sively  concentrated.  The  measured  ratios  of  counts  in  the  two  channels  recording 
the  200  KeV  and  the  6.1  MeV  radiation  respectively  are  listed  in  Table  II,  for 


increasing  concentrations,  and  are  shown  to  be  linearly  dependent  on  the  O^8 
concentration.  As  shown  in  Table  I.  after  24  runs,  each  of  70  seconds,  the  018/016 
ratio  in  a  given  water  sample  was  measured  to  an  overall  error  of  +0.04%  after  24 
determinations ,  each  of  standard  deviation  0.13%.  No  external  perturbations  were 
cillowod  to  influence  the  reactor  during  the  measurements  •  The  overall  standard 
deviation  of  +.04%  testifies  to  the  constancy  of  the  ratio  of  fast  neutron  flux. 

The  enriched  water  was  measured  ny  mass  spectrograph  . 

The  pneumatic  transfer  apparatus,  TRIGA  Mark  I  reactor,  and  timing  system 
have  been  used  as  unchanged  components  in  a  U-235  measurement  procedure  that 
delivered  0.37%  precision 'in  individual  measurements  .  Hence,  the  variation  in 
individual  channels  is  believed  to  be  controlled  by  the  counting  equipment. 
Fortunately ,  the  count  ratio  proved  to  be  largely  .independent  or  the  individual 
channel's  variance.  However,  it  is  likely  that  improvements  in  counting  equip¬ 
ment  stability  and  counting  efficiencies  will  improve  both  the  speed  and  precision 
of  the  Isotopes  ratio  measurement. 

CONCLUSION 

A  non-destructive  method  of  measuring  the  stable  isotope  ratio  019/016  in  water 
has  been  shown  to  be  possible,  and  rapid,  and  feasible  as  a  commercial  service, 
presently  accurate  to  about  4  parts  in  10,000,  at  a  reasonable  expenditure  of 
measuring  time  (about  40  minutes  at  present) ,  and  to  promise  future  measurements 
at  least  to  thin  accuracy  in  shorter  times,  when  the  detector  sensitivity  has 


been  increased. 
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TABLE  CAPTIONS 


'le  I  Observed  decays  proportional  to  concentrations  of  018 

and  of  0  ,  and  their  ratios,  for  24  experiments  on  faucet  water  from 

the  public  water  supply  of  La  Jolla,  California. 


liCgH  Observed  decays  proportional  to  concentrations  of  018  and  of 

0"  in  water  samples  sequentially  enriched  in  018  plotted  versus 
18  16  7  r 
0  /0  computed  from  mass  spectroscopic  measurements. 


Fig .  1 
scalers, 
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FIGURE  CAPTIONS 

Schematic  diagram  of  pulse  height  selector,  and  recording 
assembled  to  measure  megacycle  count  rates  without  significant 


losses . 
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TABLE  II.  Count  Data  as  a  Function  of  0  Content 


Computed  X 

Measured  Y 

1  O 

0  ,  %w  of 

*  a 

Channels  Ratio, 

Y,  Predicted  from 

Total  Oxygen 

Ch  2/Ch  4 

Regression  Line0 

.27970 

7.0929 

7.1050 

.29405 

7.1687 

7.1692 

.31206 

7.2579 

7.2497 

.31408 

7.2592 

7.2587 

.34994 

7.4089 

7.4190 

.'•5171 

7.4429 

7.4270 

.39208 

7.6206 

7.6074 

.39022 

7.5930 

7.5991 

,43527 

7.7980 

7.8005 

.45582 

7.8860 

7.8924 

Pearson  Product  -  Moment 
Correlation  Coefficient 


r 

~XY 


.99935 


“prediction  '  ±  °'129Z  relative 
“mean  prediction  "  ±  °'(M1Z  relatlve 


All  but  first  sample  prepared  by  addition  of  enriched  water. 

All  but  first  sample  measured  once.  First  sample,  La  Jolla  tap 
water,  was  measured  12  times. 


Regression  Line;  obtained  from  observables: 
Y  =  / .4704767 (X)  H  5.854646 


The  last  number  is  the  ratio  of  backgrounds  in  channel  2  to 
channel  4  in  the  absence  of  0^8 , 


BLOCK  DIAGRAM  OF  SYSTEM 


Amplifier  L  Pulse 

IS*,.  Splitter 
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